Background: Benefits of adjuvant chemotherapy (AC) and extent of pelvic lymph node dissection (PLND) in radical cystectomy (RC) are debated. Results from randomized trials are still expected. Objective: To analyze the effects of AC and PLND in two academic centers with opposite policies regarding their use. Methods: 581 bladder cancer patients who underwent RC without neoadjuvant chemotherapy, from Toronto (University Health Network), Canada, and Turku University Hospital, Finland were included. Disease specific survival (DSS) and failure patterns were assessed. Results: Centers differed in PLND rate (93% and 36% in Toronto and Turku respectively, p < 0.001), PLND extent (≥10 removed nodes, 58% vs. 8%, p < 0.001) and AC rate (21% vs. 2%, p < 0.001). Survival between centers among pT ≤1 or pT4 patients was similar. pT3 patients in Toronto had an improved 10 year DSS (43% vs. 22%, p = 0.025). Distant failures were less common after AC (HR 0.56, 95% CI 0.33-0.98, p < 0.042). In node positive (N+) patients, mortality was significantly higher in Turku (HR 2.19, 95% CI 1.44-3.34, p < 0.001) and lower in patients receiving AC (HR 0.60, 95% CI 0.37-0.99, p = 0.044). 41% DSS at 10 years was observed in N+ Toronto patients. Limitations included the non-randomized retrospective design and absence of propensity score analysis. Conclusion: Combining AC and PLND to RC is associated with improved survival in pT3 and N+ patients. PLND did not affect survival independently but helps in selecting patients for AC. Our data adds to the growing body of evidence supporting the usefulness of AC in addition to PLND in high risk patients operated by cystectomy.
INTRODUCTION
Radical cystectomy (RC) offers excellent local control for muscle-invasive bladder cancer (BC), but only half of patients with extravesical extension and 15% to 35% patient with nodal metastasis (N+) are long term survivors [1] [2] [3] [4] . This speaks to the important risk of micro-metastases in these high risk patients, suggesting a multimodality approach might be of benefit.
There is obviously a need to improve outcomes in pT3 and N+ patients operated by RC [5] .
Neoadjuvant cisplatin-based chemotherapy, which results in ∼5% absolute survival benefit, has been utilized infrequently [6, 7] . In recent years, there have been reports of increased use of neoadjuvant chemotherapy especially in academic centers and by fellowship-trained uro-oncologists [8] . Postoperative adjuvant chemotherapy (AC) is offered more often than neoadjuvant, although the evidence supporting its benefit is less robust [9] . A meta-analysis reported that ∼500 patients in 6 trials were randomized to RC with or without adjuvant cisplatin-based chemotherapy [9] . A 25% relative risk reduction favoring chemotherapy was noted, but the power of the meta-analysis was limited.
Because outcomes in pT3-pT4 or N+ patients are suboptimal, the EORTC 30994 aimed to compare immediate versus deferred cisplatin-based combination chemotherapy after RC in these patients [5] . Results have been recently published. The trial was unfortunately closed after recruitment of 284 of the planned 660 patients. Although it did not show a significant improvement in overall survival, with immediate versus deferred chemotherapy after RC and bilateral lymphadenectomy, immediate treatment significantly prolonged progression-free survival compared with deferred treatment (HR 0.54, 95% CI 0.4-0.73, p < 0.0001), with 5-year progressionfree survival of 47.6% (95% CI 38.8-55.9) in the immediate treatment group and 31.8% (24.2-39.6) in the deferred treatment group [5] . In a recent large retrospective study, Galsky et al. also demonstrated that AC was associated with improved outcome when compared to observation after RC [10] .
There is obvious room for improvement. These data nevertheless suggest that AC might be of benefit in this high risk population.
The role of pelvic node dissection (PLND) remains debated and no universally accepted definition for extended PLND (ePLND) exists. When ePLND is performed, more nodal metastases are detected, but the magnitude of its effect on survival is unclear [11, 12] .
The results of the SWOG-S1011 trial and the German multicenter study LEA22, evaluating the benefit of a standard versus an extended pelvic lymphadenectomy, performed at time of RC, are eagerly expected [13] .
In the present study, we aimed to analyze the effects of AC and PLND on survival and type of failure patterns for patients undergoing RC, with a special emphasis on high risk pT3-4 and N+ patients, using data from two academic centers. As these 2 centers have different approaches with regards to AC and PLND, the setting offered an opportunity to explore the effect of these treatment modalities.
PATIENTS AND METHODS
An Institutional Research Ethics Boards approved a RC database including consecutive RC patients from University Health Network, Toronto, Canada (study period 1991-2008), and Turku University Hospital, Turku, Finland (1986 -2007 , were analyzed to ensure a long follow-up period. All patients undergoing RC during the study period were included into the study. Patients with non-urothelial BC (n = 53) or neoadjuvant chemotherapy (n = 31) were excluded.
In both centers, staging included CT of the abdomen and pelvis and chest x-ray. There was a substantial difference in the policies for PLND in the two study centers. In Turku University Hospital, formal PLND was not performed before 1995 but macroscopically suspicious, i.e. grossly abnormal nodes were removed. Limited PLND (obturator nodes) was performed beginning in 1995. In Toronto, most patients underwent ePLND (cranial boundary of dissection either the aortic bifurcation or mid common iliac vessels). PLND was not performed only in unusual cases (24/330) when it was not feasible or safe (e.g. due to prior lymphadenectomy or radiation for causes other than BC) and ePLND was performed in 204 cases. The number of removed nodes defined the extent of PLND. [14] [15] [16] . All pathology reports were reviewed by a single person (first author) and stages were uniformly defined (e.g. all pT4a patients had prostatic stromal tumor invasion).
In Toronto, the option of AC was discussed with all medically fit patients with pT3-4 disease or pos-itive nodes, and with high risk pT2 cases (pT2b with lymphovascular invasion (LVI)). AC was not offered in Turku during the study period. In contrast, surveillance with salvage chemotherapy at the time of recurrence was the practice of choice in Turku.
After surgery, patients were followed every 3 months for the first year and then semi-annually. In addition to history, physical examination, and blood chemistry, imaging by CT scans was undertaken as indicated by symptoms. Details of recurrence were recorded according to available imaging and pathological evidence. Any recurrent disease in the pelvis, caudal to the aortic bifurcation, was defined as a local recurrence. In the event of metastatic progression, patient in University of Turku were recommended cisplatin-based salvage chemotherapy.
The primary endpoint was Disease Specific Survival (DSS). Survival was calculated from date of surgery to death or last follow-up. Survival data were obtained from patient charts and hospital registries and then confirmed from cancer registries and governmental death registries. Any death with recurrent or metastatic BC was defined as cancer specific mortality. Secondary endpoints were overall survival (OS), local and distant recurrences. Time to recurrence was defined as time from surgery to detection of recurrence, with either imaging or biopsy. The Pearson chi-square test was used to analyze categorical data. Numerical data were analyzed by the Student's t-test. The Kaplan-Meier method and log-rank test were used to analyze survival. Cox proportional hazards models were used to estimate the effect of clinicopathological factors, and center (model #1), or PLND and AC (model #2) on survival.
RESULTS

Study cohorts
The study included 581 patients. The patient cohorts according to pT-categories are presented in Table 1 . Patients in Toronto were older in all categories. There was no significant difference in tumor grade. 93% of patients in Toronto underwent PLND with a median of 12 nodes removed (mean = 14, range = 1-62). There were no differences in the Toronto cohort in node dissection rate or extent among different tumor stages. In Turku, only 36% of RC had PLND (mean and median 7, range 1-18). PLND was more commonly done in higher stage disease (p = 0.015) but the number of removed nodes was unaffected by stage. In Toronto, positive nodes were detected in 7-43% of patients depending on the stage and this was significantly higher than in Turku (N+ rate 0-28%). Positive surgical margins status was uncommon in both institutions (Toronto 4.3%, Turku 3.5). Average ASA-score was 2.4 in Toronto cohort, and 2.3 in Turku cohort, respectively.
In Toronto, the rate of AC was 21% and it was more commonly given in higher pT-categories ranging from 3 to 39%. Furthermore, AC was administered to 44% and 15% for node-positive and negative patients, respectively. Only five patients (2%) of the Turku cohort received AC. In Toronto 92% of chemotherapy patients and all five in Turku received cisplatin based combination chemotherapy (MVAC, CMV or cisplatin-gemcitabine).
Survival
A total of 193 patients (33%) died of BC during a median FU of 5.7 years (8.5 years in Turku, and 3.9 years in Toronto, respectively). A Kaplan-Meier analysis for DSS and OS for different pT-categories in the two study centers is presented in Fig. 1 . Figure 2 presents Kaplan-Meier curves for pT2 and pT3 patients. Survival was worse in the Turku cohort but it was statistically significantly worse only among pT3 patients (p = 0.001). The effect of nodal stage on DSS is presented in Fig. 3 . The survival was better in Toronto both for node negative and positive patients (both p < 0.05). For those patients who did not have any nodes removed (Nx), the survival was identical to node negative patients in the Turku cohort (n = 47). In Toronto, Nx patients had survival rates similar to node positive patients (5y DSS 45%, and 41% for Nx, and N+, respectively).
Cox regressions analyses were used to explore factors associated with DSS among all pT2 and pT3 patients (Table 2 ). In univariate analysis for DSS, high grade, advanced pT-stage, positive margin status, and positive nodal status were significantly associated with worse outcome. In univariate analysis pT3-category, positive nodal status, and Turku as study center were significantly associated with poorer survival. Two multivariable models were used due to the dependent association of center and AC, as well as center and PLND, due to the different treatment policies at the two centers. In model #1, all clinicopathological variables, which were significant in univariate analysis, remained significant; also study center (Turku vs. Toronto, HR 2.19, 95% CI 1.44-3.34, p < 0.001) was significantly associated with worse DSS. In model #2, patients receiving AC Table 1 Basic clinicopathological variables had improved survival (HR for BC mortality 0.60, 95% CI 0.37-0.99, p = 0.044), but the extent of nodal dissection did not impact survival. Different cut-offs were studied for number of nodes removed both in univariate and multivariate analysis and 10 nodes had the best, albeit not significant, discrimination.
Failure patterns
Among pT2 and pT3 patients BC recurrence was detected in 123 (44%) patients (58% in Turku, and 36 in Toronto, respectively). Of these, 31 (25%) had an isolated local recurrence, 72 (59%) had distant metastasis, and 20 (16%) had concurrent local and distant metastases. The risk of local recurrence was similar in both cohorts (p = 0.38), but distant metastasis were seen significantly more often in Turku cohort (p = 0.004) (Fig. 4) . Analyses for risk factors for distant failures are presented in Table 3 . Only female gender and nodal metastases were significantly associated with local failure and study center, AC or PLND did not affect the risk (data not shown).
Distant failure risk was affected by pT-category, nodal metastases, study center (Turku vs. Toronto, HR 2.24, 95% CI 1.41-3.57, p = 0.001), and use of AC (HR 0.56, 95% CI 0.33-0.98, p = 0.042) but not the extent of PLND (Table 3) . In multivariate model #1 in addtion to clinicopathological variables (gender, age, grade, pT-category, and nodal status) study center is added to the model; In model #2 Adjuvant chemotherapy and node dissesction groups, but not center are included.
DISCUSSION
Our present study suggests that the outcome of muscle-invasive BC patients at high risk of harbouring micrometastatic disease in regional and distant sites (pT3 and N+ disease), is improved when adjuvant chemotherapy is administered. Although PLND does not independently provide a survival In multivariate model #1 in addtion to clinicopathological variables (gender, age, grade, pT-category, and nodal status) study center is added to the model; In model #2 Adjuvant chemotherapy and node dissesction groups, but not center are included.
advantage, it may help to select patients for AC, likely indirectly contributing to the advantage provided by AC.
Our main finding was that patients with pT3 and N+ disease had better outcome in the Toronto cohort, and AC chemotherapy was the main reason for this improved survival. Our results support the results of adjuvant chemotherapy meta-analysis [6, 7] , and are in line with those observed in the EORTC 30994 trial, closed prematurely because of poor accrual [5] . In our study, AC resulted in a significant 40% relative risk reduction for BC related death. The AC metaanalysis reported a 25% relative risk and 9% absolute risk reduction [6, 7] . All AC trials have been greatly affected by small sample size. Although the number of patients receiving chemotherapy in this study was only 78, it is surprisingly more than in any of the individual randomized trials included in the metaanalysis, except the EORTC 30994 trial [5] [6] [7] . Our results are also in agreement with the results reported recently by Svatek and coworkers [16] . In this multicenter study with similar AC rate, chemotherapy improved survival especially for patients in highest risk quintile (≥pT3 and node positive disease) [17] . There was a trend towards improved survival in pT2 patients from Toronto, but it was far from statistical significance (p = 0.26).
Interestingly, a post hoc analysis of the p53-MVAC trial revealed an association between LVI and shorter time to recurrence in patients with pT1-T2 N0 disease, as this was the focus of that trial [18] . The analysis did not show however, a statistically significant benefit of adjuvant chemotherapy in patients with LVI and pT1-2 N0 on survival, although a possible benefit could not be excluded [17] . These results support that the most significant benefit of ePLND and adjuvant chemotherapy is likely to be observed in groups such as pT3 or N+ disease rather than pT2, even with LVI.
The delivery of AC may be challenging for patients with BC. Even with an active policy of delivering AC to fit patients, only 44% of node positive and 31% of pT3 and pT4 patients received chemotherapy in the Toronto series, rates comparable to other large series [19] . Reported reasons for the low rate of AC includes an elderly patient population, renal insufficiency, postoperative complications, and patient preferences [18, 19] . Currently neoadjuvant chemotherapy, supported with level I evidence, is increasingly embraced by guidelines and experts. Obviously our study cannot comment on the differences of neoadjuvant vs. adjuvant approaches but stresses the importance of peri-operative chemotherapy especially in high risk groups.
Regarding the effect of PLND on survival after RC, awaiting the results of the SWOG and LEA22 randomized trials, retrospective evidence only is available to suggest the importance of extended PLND in detection of metastases and its impact on outcome. Herr and coworkers reported a study analyzing the material from the landmark neoadjuvant trial by Grossmann and coworkers [10] ; ePLND (defined as >10 removed nodes) was associated with reduced local recurrence rates and improved survival [10] . Similar results were also reported by Leissner et al. [21] . A group from Bern compared the outcome of their series with ePLND (cranial dissection up to mid-common iliac) to results from the Cleveland clinic (limited PLND) and to USC ("super-extended" dissection to origin of inferior mesenteric artery) [21] . The results suggest that the mid-common iliac level is appropriate for PLND as the Bern results were superior to Cleveland but equal to USC results.
In this study combining Cleveland and USC, the 5-year recurrence-free survival for pT2 N0-2 cases was 63% for limited and 71% for ePLND, very much in line with our 68% DSS observed in the Toronto cohort at 10 years. In pT3 N0-2 disease, the respective figures were 19% and 49%, much in line with the 22% and 43% 10 DSS observed in the present study in Toronto and Turku, respectively [22] .
Unfortunately the rate of perioperative chemotherapy was not reported in the Bern/Cleveland study.
In light of our results, we feel that extended PLND is an important part of RC. Although we could not detect a survival advantage for patients with an extended PLND, PLND is an important staging procedure and helps to select patients for AC.
The analysis of failure pattern revealed that local recurrence was not different in the two study centers and was not affected either by AC or PLND. In contrast, distant failure rates was significantly higher in Turku and among patients receiving AC, but not PLND, highlighting the importance of chemotherapy in eradicating distant micrometastatic deposits.
The major limitations of the current study are related to possible biases associated with its retrospective and non-randomized design. We also did not perform a propensity score analysis. We tried to minimize biases in data collection. Only consecutive cases with same exclusion criteria were analyzed. Database design and data collection was done by a single urooncologist (first author). A central pathology review was not performed however, as we focused mainly on pT-stage, it is unlikely that such a review would have a substantial effect on our results. There may have been changes in in operative techniques, perioperative care and pathological sampling, for example, during the study period. In controlled prospective trials, data are often less than optimal. In the neoadjuvant trial, Herr et al. reported that 9% of patients had no PLND done and only 50% had more than 10 nodes removed [12] . In our study, although not randomized, the selection for AC and node dissection was made according to institutional practice policies and therefore many selection biases were avoided.
CONCLUSION
Our study suggests that patients with pT3 and node positive BC benefit from a multimodal approach including RC, ePLND and AC for high risk patients. Efforts should continue to be made to improve outcome in this high risk population operated by RC.
